0 \ ^(^1- 



« THE COMMISSIONER OF PATENTS AND TRADEMARKS 
o Washington D.C. 2023 1 
t Box Patent Applications 



SIR: 

Transmitted herewith for filing i; 



[X] a new apphcation 

[ ] a c-i-p apphcation of S.N. . 



Case Docket No. FUJA 16.923 
Filed by Express Mail 
(Receipt No. EL522353992US'> 
on January 6, 2000 



pursi 

by- 



!t4o37CF^1.10 



Inventor(s): Satoshi IDE; Shinichi SAKURAMOTO 
For: BURST SIGNAL DETECTION CIRCUIT 



Enclosed are: 

[X] 23 sheets of drawings .(Figs. 1,2A-2C,3A,3B,4,5,6A-6C,7,8,9A-9C,10A,10B,1 1,12A-12C, 

1 3- 1 5, 1 6A- 1 6C, 1 7- 1 9,20A,20B,2 1 ,22A,22B,23 A-23C) 

[X] Specification, including claims and abstract ( 46 pages) 

[X] Declaration 

[X] An assignment of the Invention to FUJITSU LIMITED 

[X] A certified copy of Japanese Application No. 11-062290 

[X] An associate power of attorney 

[ ] A verified statement to establish small entity status under 37 CFR 1 .9 and 37 CFR 1 .27 

[X] Postcard 

[X] Recording fee (as indicated below) 

[ ] Information Disclosure Statement, PTO-1449, copies of references 

[ ] Other 

[ ] Other 





Col. 1 


Col. 2 


FOR: 


NO. FILED 


NO. EXTRA 


BASIC FEE 






TOTAL CLAIMS 


3i)-20 = 


19 


INDEP CLAIMS 


4-3 = 


1 


[ ] MULTIPLE DEPENDENT CLAIMS PRESENTED 



SMALL ENTITY 


RATE 


FEE 




$380 


X 9 = 


$ 


x39 = 


$ 


X 130 = 


$ 


TOTAL 


$ 



OTHER THAN A 
SMALL ENTITY 


RATE 


FEE 




$760 


X 18 = 


$342 


x78 = 


$78 


x260 = 


$ 


TOTAL 


$1180 



[ ] Please charge our Deposit Account No. 08-1634 the amount of _ 
and recording fee (if any) 



_to cover the filing fee 



[X] A check in the 



of $ 1220.00 to cover the filing fee and the recordmg fee (if any) ii 



[X] The Commissioner is hereby authorized to charge payment of any fee associated with this communication or 
credit overpayment to Deposit Account No. 08-1634. A duplicate coy .of this sheet is enclosed. 



Helfgott & Karas, P.C. 

60th Floor 
Empire State Building 
New York, New York 10118-6098 
(212)643-5000 

Date: January 6, 2000 

Any fee due with this paper, not fully 
covered by an enclosed check, may be 
charged on Deposit Acct No. 08-1634 



Respect;ftilly Submitted, / 




Aaron B. Karas, Reg. No. 18,9231 
X] Samson Helfgott, Reg. No. 23,0:|2 
] Leonard Cooper, Reg. No. 27, 625 
] Linda S. Chan, Reg. No. 42,400 
] Jacqueline M. Steady, Reg. No. 44,354 
] Harris A. Wolin , Reg. No. 39,432 



FJ-G269 



BURST SIGNAL DETECTION CIRCUIT 

BACKGROUND OF THE INVENTION 
5 1 . Field of the Invention 

The present invention relates to a burst signal 
detection circuit for detecting the arrival of a burst- 
like signal, and in particular to a burst signal 
detection circuit used most suitably for a transmission 
10 system for transmitting a high-speed optical burst signal 

in a system such as a passive optical network (PON) 
system used in a transmission for optical subscriber 
system. 

2 . Description of the Related Art 

15 In the transmission of an optical burst signal, 

the timing of sending out the burst signal to be 
transmitted is not definitely determined, and therefore a 
burst signal detecting signal is required to notify the 
arrival of the burst signal to the transmission system. 

20 For configuring a flexible network system in 

which each terminal unit for sending out the burst signal 
can be accommodated at an arbitrary position on the 
network and a restriction on the transmission distance is 
relaxed, it is necessary to accurately discriminate the 

2 5 arrival of a weak burst signal from a remote terminal 

unit on the one hand and the absence of a burst signal on 
the other hand. 

The present invention relates to a burst signal 
detection circuit for detecting the arrival of a burst 

30 signal at a low level accurately without deteriorating 
the receiving characteristic. In the prior art, the 
receiving characteristic may be deteriorated by the DC 
level fluctuation due to the low-frequency response of a 
photo-diode (PD) for detecting an optical signal. 

35 Fig. 21 shows a configuration of a conventional 

burst signal detection circuit in a receiver for 
receiving an optical burst signal. The optical burst 
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signal detection circuit includes a photo-diode (PD) 210 
for converting an optical signal into a current signal, a 
preamplifier 211 for converting the current signal output 
from the photo-diode (PD) 210 into a voltage signal, a 
signal amplifier 213 for amplifying a weak signal output 
from the preamplifier 211 and producing a sufficiently 
large logic signal, and an amplitude identifying circuit 
215 for detecting the presence or absence of a burst 
signal based on the signal output from the preamplifier 
211. 

To process the burst signal, the signal 
amplifier 213 includes an automatic threshold control 
(ATC) circuit 214 and a buffer amplifier 213A. The input 
signal from the preamplifier 211 and a threshold level 
from the automatic threshold control (ATC) circuit 214 
are differentially amplified by the buffer amplifier 213A 
thereby to output a received signal. 

The automatic threshold control (ATC) circuit 
214 includes a peak detection circuit 214A, a bottom 
detection circuit 214B, and a voltage dividing circuit 
214C. Upon application of a burst signal thereto through 
the preamplifier 211, the peak detection circuit 214A and 
the bottom detection circuit 214B instantaneously detect 
the maximum level and the minimum level, respectively, of 
the input signal, and the voltage-dividing circuit 214C 
sets the central level of the amplitude of the input 
signal providing the voltage-dividing level as a 
threshold level and outputs it to the buffer amplifier 
213A. 

In the amplitude identifying circuit 215, a 
peak detection circuit 216A in an amplitude detection 
circuit 216 detects the peak level of the input signal 
from the preamplifier 211, and a comparator 215A compares 
the input peak level with a threshold level and outputs a 
burst signal detection signal indicating the presence or 
absence of the burst signal. 

As shown in Fig. 23A, the frequency 
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characteristic of the conversion efficiency of a photo- 
diode (PD) used as an element for receiving the optical 
signal is known to have a "drop" in the range of several 
to several hundred kHz and the conversion efficiency 
5 increases in the low-frequency region. 

This phenomenon is considered to stem from the 
carriers generated by the optical signal entering the 
regions other than the light detecting surface of the 
photo-diode (PD) where an electric field is not applied. 

10 The carriers, to which the electric field is not applied, 
move slowly, by diffusion, and therefore have a very 
large time constant. 

The shoulder of the low-frequency response 
characteristic is very small and, usually, can be 

15 ignored. In the case where burst signals having 

considerably different amplitudes are input continuously 
to the photodiode, however, the problem described below 
arises . 

Assuming that, as shown in Fig. 23B, a second 
2 0 burst signal (packet #2) of a small amplitude arrives and 
is received by the photo-diode (PD) immediately after the 
end of a first burst signal (packet #1) of a large 
amplitude at an interval of a short guide time T^, the 
current output of the photo-diode (PD) responds to a 

2 5 waveform such that, as shown in Fig. 2 3C, the DC level 

(bottom level) thereof gradually rises due to the low 
frequency response at the time of receiving the first 
burst signal (packet #1) having a large amplitude and the 
DC level is restored to the original level at the 

3 0 immediately subsequent time after the first burst signal 

when the second burst signal (packet #2) is received. 

The adverse effect of the DC level variation 
due to the low frequency response depends on the 
magnitude of the amplitude of the burst signal. That is, 
3 5 the DC level variation is relatively small for the first 
burst signal (packet #1) having a large amplitude and 
therefore has no effect on the detection of the burst 



signal. However, the DC level variation is large and is 
not negligible for the second burst signal (packet #2) 
having a small amplitude, and has an adverse effect on 
the burst signal detection. 
5 Figs. 22A and 22B show operating waveforms for 

detecting the burst signal at the time of the leading 
portion of the second burst signal (packet #2). Fig. 22A 
shows an input signal (a) of the amplitude identifying 
circuit 215, a peak detection output (b) of the peak 

10 detection circuit 216A, and a threshold level (c) of the 
threshold level control circuit 217B. 

The send-out time length of a burst signal is 
predetermined. A reset signal is generated during the 
guard time Tq at predetermined timing, and the peak level 

15 of the peak detection circuit 216A is reset by this reset 
signal . 

The input signal (a) shown in Fig. 22A is such 
that the bottom level output from the photo-diode (PD) is 
increased by the DC component of the burst signal (packet 
20 #1) of a large amplitude that has arrived immediately 
before. The bottom level of the input signal (a) thus 
had already exceeded the threshold level (c) at the time 
of the reset described above. As shown in Fig. 22B, 
therefore, the comparator 215B outputs a detection signal 

2 5 (d) erroneously indicating the presence of a burst signal 

even in the absence of the burst signal. 

Specifically, the problem arises in the case 
where the waveform moves to the low voltage side due to 
the variation of the bottom level. That is, in this 

3 0 case, while the bottom detection circuit can follow the 

movement of the waveform, however, the peak detection 
circuit holds the maximum level of the signal, so that it 
erroneously detects the amplitude of the input signal as 
a large amount larger than the actual amplitude. Even in 
35 the case where the actual signal is smaller than a 

specified threshold level or, even worse, in the absence 
of a signal, a detection signal indicating the presence 
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of the burst signal is erroneously output, 
SUMMARY OF THE INVENTION 

An object of the present invention is to provide a 
burst signal detection circuit for detecting a burst 
5 signal with high accuracy against the DC level variation 
attributable to the low frequency response of the photo- 
diode (PD), etc. even in the case where the arriving 
burst signal is a weak optical signal. 

In order to attain the above object, according to 

10 the present invention, a DC variation removing circuit is 
inserted in the stage before detecting the amplitude of 
the input signal so that the signal input to an amplitude 
detection circuit develops no DC level variation. 

The DC variation removing circuit can be realized by 

15 a configuration or a modification thereof in which the 
output signal of a bottom detection circuit or a peak 
detection circuit for detecting the DC level variation 
and the output signal of a preamplifier are 
differentially amplified. 

2 0 According to a first aspect of the invention, there 

is provided a burst signal detection circuit comprising a 
DC variation removing circuit for detecting the bottom 
level or the peak level of an input signal and removing 
the DC level variation of the input signal based on the 

25 bottom level or the peak level, and an amplitude 

identifying circuit for detecting the presence or absence 
of a burst signal based on the output signal of the DC 
variation removing circuit, wherein the amplitude signal 
identifying circuit includes an amplitude detection 

30 circuit for detecting the maximum amplitude of the output 
signal of the DC variation removing circuit, a threshold 
level control circuit for controlling the threshold 
level, and a comparator circuit for comparing the output 
level of the amplitude detection circuit with the 

35 threshold level and outputting a detection signal 

indicating the presence or absence of the burst signal. 

According to a second aspect of the invention, there 
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is provided a burst signal detection circuit comprising a 
DC variation removing circuit for detecting the bottom 
level or the peak level of the input signal and removing 
the DC level variation of the input signal based on the 
5 bottom level or the peak level, a signal amplifier for 

amplifying the output signal of the DC variation removing 
circuit and an amplitude identifying circuit for 
detecting the presence or absence of the burst signal 
based on the output signal of the signal amplifier, 

10 wherein the amplitude identifying circuit includes an 
amplitude detection circuit for detecting the maximum 
amplitude of the output signal of the signal amplifier, 
an threshold level control circuit for controlling the 
threshold level, and a comparator circuit for comparing 

15 the output level of the amplitude detection circuit with 
the threshold level and outputting the detection signal 
indicating the presence or absence of the burst signal. 

According to a third aspect of the invention, there 
is provided a burst signal detection circuit comprising 

20 an amplitude detection circuit for detecting the bottom 
level or the peak level of the input signal and removing 
the DC level variation of the input signal based on the 
bottom level or the peak level while at the same time 
detecting the maximum amplitude of the input signal, a 

25 threshold level control circuit for controlling the 

threshold level, and a comparator circuit for comparing 
the output level of the amplitude detection circuit with 
the threshold level and outputting a detection signal 
indicating the presence or absence of the burst signal. 

30 According to a fourth aspect of the invention, there 

is provided a burst signal detection circuit comprising a 
DC variation removing signal amplifier for detecting the 
bottom level or the peak level of the input signal and 
removing the DC level variation of the input signal based 

35 on the bottom level or the peak level while at the same 
time amplifying the input signal, and an amplitude 
identifying circuit for detecting the presence or absence 



of the burst signal based on the output signal of the DC 
variation removing signal amplifier, wherein the 
amplitude identifying circuit includes an amplitude 
detection circuit for detecting the maximum amplitude of 
5 the output signal of the DC variation removing signal 
amplifier, a threshold level control circuit for 
controlling the threshold level, and a comparator circuit 
for comparing the output level of the amplitude detection 
circuit with the threshold level and outputting a 

10 detection signal indicating the presence or absence of 
the burst signal. 

According to a fifth aspect of the invention, there 
is provided a burst signal detection circuit, wherein the 
DC variation removing circuit includes a bottom detection 

15 circuit or a peak detection circuit for detecting the 
bottom level or the peak level, respectively, of the 
input signal and a differential amplifier for 
differentially amplifying the output signal and the input 
signal of the bottom detection circuit or the peak 

20 detection circuit. 

According to a sixth aspect of the invention, there 
is provided a burst signal detection circuit wherein the 
DC variation removing circuit includes a bottom detection 
circuit or a peak detection circuit for detecting the 

25 bottom level or the peak level, respectively, of the 
input signal, a level shift circuit for shifting the 
output signal of the bottom detection circuit or the peak 
detection circuit by a predetermined value, and a 
differential amplifier for differentially amplifying the 

30 output signal and the input signal of the level shift 
circuit. 

According to a seventh aspect of the invention, 
there is provided a burst signal detection circuit, 
wherein the amplitude detection circuit includes a 
35 master-slave type amplitude detection circuit configured 
with a master bottom detection circuit or a master peak 
detection circuit for detecting the absolute minimum 
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level or the absolute maximum level, respectively, of the 
input signal, and a slave peak detection circuit or a 
slave bottom detection circuit for detecting the relative 
maximum level or the relative minimum level, 
5 respectively, of the input signal from the output level 

of the master bottom detection circuit or the master peak 
detection circuit. 

According to an eighth aspect of the invention, 
there is provided a burst signal detection circuit, 

10 wherein the master-slave type amplitude detection circuit 
is so configured that the level-hold capacitor of the 
slave peak detection circuit or the slave bottom 
detection circuit is connected to the output of the 
master bottom detection circuit or the master peak 

15 detection circuit. 

According to a ninth aspect of the invention, there 
is provided a burst signal detection circuit, wherein the 
DC variation removing signal amplifier includes a bottom 
detection circuit or a peak detection circuit for 

20 detecting the DC level variation of the input signal, and 
an amplifier supplied with the same input signal and the 
output signal of the bottom detection circuit or the peak 
detection circuit, and wherein the negative phase output 
of the amplifier is fed back to the positive phase input 

25 of the amplifier through a feedback resistor, and the 

positive phase output of the amplifier is fed back to the 
negative phase input of the amplifier through a peak 
detection circuit and a feedback resistor. 

According to a tenth aspect of the invention, there 

30 is provided a burst signal detection circuit, wherein the 
DC variation removing signal amplifier includes a master- 
slave type automatic threshold control circuit configured 
with a master bottom detection circuit or a master peak 
detection circuit for detecting the absolute minimum 

35 level or the absolute maximum level, respectively, of the 
input signal, a slave peak detection circuit or a slave 
bottom detection circuit for detecting the relative 
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maximum level or the relative minimum level, 
respectively, of the input signal from the output signal 
of the master bottom detection circuit or the master peak 
detection circuit, and a voltage dividing circuit for 
5 generating a threshold level by dividing the output 

signal of the master bottom detection circuit or the 
master peak detection circuit and the output signal of 
the slave peak detection circuit or the slave bottom 
detection circuit. 

10 According to an 11th aspect of the invention, there 

is provided a burst signal detection circuit, wherein the 
DC variation removing signal amplifier includes a master- 
slave type automatic threshold control circuit configured 
with a master bottom detection circuit or a master peak 

15 detection circuit for detecting the absolute minimum 

level or the absolute maximum level, respectively, of the 
input signal, a voltage dividing circuit for generating a 
voltage divided signal by dividing the voltage of the 
output signal and the input signal of the master bottom 

20 detection circuit or the master peak detection circuit, 
and a slave peak detection circuit or a slave bottom 
detection circuit for generating a threshold level by 
detecting the relative maximum level or the relative 
minimum level, respectively, of the voltage divided 

25 signal from the output signal of the master bottom 

detection circuit or the master peak detection circuit. 

According to a 12th aspect of the invention, there 
is provided a burst signal detection circuit, wherein the 
master-slave type automatic threshold control circuit 

30 connects the level hold capacitor of the slave peak 

detection circuit or the slave bottom detection circuit 
to the output of the master bottom detection circuit or 
the master peak detection circuit. 

According to a 13th aspect of the invention, there 

35 is provided a burst signal detection circuit, wherein the 

amplitude identifying circuit includes a peak detection 
circuit or a bottom detection circuit for detecting the 
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maximum level or the minimum level, respectively, of the 
input signal, an threshold level control circuit for 
generating an threshold level, and a comparator circuit 
for comparing the output level of the peak detection 
5 circuit or the bottom detection circuit with the 
threshold level. 

According to a 14th aspect of the invention, there 
is provided a burst signal detection circuit, wherein the 
amplitude identifying circuit includes a peak detection 

10 circuit and a bottom detection circuit for detecting the 
maximum level and the minimum level, respectively, of the 
input signal, a threshold level control circuit for 
generating an threshold level by shifting the output 
level of the bottom detection circuit or the peak 

15 detection circuit by a predetermined amount, and a 

comparator circuit for comparing the output level of the 
peak detection circuit or the bottom detection circuit 
with the threshold level. 

According to a 15th aspect of the invention, there 

20 is provided a burst signal detection circuit wherein the 
amplitude identifying circuit includes a peak detection 
circuit and a bottom detection circuit for detecting the 
maximum level and the minimum level, respectively, of the 
input signal, a threshold level control circuit for 

25 producing a first threshold level by shifting the output 
level of the bottom detection circuit by a predetermined 
amount and producing a second threshold level by shifting 
the output level of the peak detection circuit by a 
predetermined amount, and a comparator circuit for 

30 comparing the first threshold level and the second 
threshold level with each other. 

According to a 16th aspect of the invention, there 
is provided a burst signal detection circuit, wherein the 
threshold level control circuit includes a temperature 

35 compensating circuit for changing the threshold level 

with a temperature change to thereby compensate for the 
variation of the gain due to the temperature change. 



According to a 17th aspect of the invention, there 
is provided a burst signal detection circuit, wherein the 
threshold level control circuit includes a reference 
voltage circuit for changing the threshold level with the 
5 change in the source voltage thereby to compensate for 

the variation of the gain due to the change in the source 
voltage . 

According to an 18th aspect of the invention, there 
is provided a burst signal detection circuit, further 
10 comprising a photo diode for receiving the optical signal 
and a preamplifier for converting the current signal 
output by the photo diode into a voltage signal, wherein 
the arrival of the burst signal is detected from the 
output signal of the preamplifier. 
15 BRIEF DESCRIPTION OF THE DRAWINGS 

Fig, 1 is a diagram showing a configuration 
according to a first embodiment of the invention; 

Figs. 2A - 2C are diagrams showing operating 
waveforms according to the first embodiment of the 
20 invention; 

Figs. 3A and 3B are diagrams showing a configuration 
of the bottom detection circuit and the threshold level 
control circuit according to the first embodiment of the 
invention; 

25 Fig. 4 is a diagram showing a configuration 

according to a second embodiment of the invention; 

Fig. 5 is a diagram showing a configuration 
according to a third embodiment of the invention; 
Figs. 6a - 6C are diagrams showing operating 
30 waveforms according to the third embodiment of the 

invention; 

Fig. 7 is a diagram showing a configuration of the 
threshold level control circuit according to the third 
embodiment of the invention; 
35 Fig. 8 is a diagram showing a configuration 

according to a fourth embodiment of the invention; 

Figs. 9A - 9C are diagrams showing operating 
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waveforms according to the fourth embodiment of the 
invention; 

Figs. lOA and lOB are diagrams showing a 
configuration of the threshold level control circuit 
5 according to the fourth embodiment of the invention; 

Fig. 11 is a diagram showing a configuration 
according to a fifth embodiment of the invention; 

Figs. 12A -12C are diagrams showing operating 
waveforms according to the fifth embodiment of the 
10 invention; 

Fig. 13 is a diagram showing a configuration of the 
master-slave type automatic threshold control (ATC) 
circuit according to the fifth embodiment of the 
invention; 

15 Fig. 14 is a diagram showing a configuration of the 

threshold level control circuit according to the fifth 

embodiment of the invention; 

Fig. 15 is a diagram showing a configuration 

according to a sixth embodiment of the invention; 
20 Figs. 16A - 16C are diagrams showing operating 

waveforms according to the sixth embodiment of the 

invention; 

Fig. 17 is a diagram showing a configuration of the 
master-slave type automatic threshold control (ATC) 

2 5 circuit according to the sixth embodiment of the 

invention; 

Fig. 18 is a diagram showing a configuration of the 
threshold level control circuit according to the sixth 
embodiment of the invention; 

3 0 Fig. 19 is a diagram showing a configuration 

according to a seventh embodiment of the invention; 

Figs. 20A and 20B are diagrams showing operating 
waveforms according to the seventh embodiment of the 
invention; 

3 5 Fig. 21 is a diagram for explaining the conventional 

burst signal detection circuit; 

Figs. 22A and 22B are diagrams showing operating 
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waveforms for the conventional burst signal detection 
circuit; and 

Figs. 23A - 23C are diagrams for explaining the 
frequency response of a light-receiving element and the 
5 DC level variation of the burst signal. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
Fig. 1 shows a configuration of a first embodiment 
of the invention. Figs. 2A to 2C show operating 
waveforms of the same embodiment. In Fig. 1, a burst 

10 signal detection circuit for an optical burst signal 

receiver is shown. In the figure, reference numeral 10 
designates a photo-diode (PD), numeral 11 a preamplifier, 
numeral 12 a DC variation removing circuit, numeral 13 a 
signal amplifier, numeral 14 an automatic threshold 

15 control (ATC) circuit, numeral 15 an amplitude 

identifying circuit, numeral 16 an amplitude detection 
circuit and numeral 17 a identifying circuit. 

The photo-diode (PD) 10 converts the arriving 
optical signal into a current signal, and the 

20 preamplifier 11 converts the current signal output from 

the photo-diode (PD) 10 into a voltage signal by means of 
an amplifier llA, a resistor IIB and an inverting buffer 
amplifier IIC. 

The DC variation removing circuit 12 applies the 

25 output signal of the preamplifier 11 to the bottom 

detection circuit 12A and the differential amplifier 12B. 
The bottom detection circuit 12A detects and outputs the 
bottom level of the output signal of the preamplifier 11 
including the DC level variation, and differentially 

30 amplifies the output signal of the preamplifier 11 and 
the bottom level by means of the differential amplifier 
12B. Thus, a signal is output in which the DC level 
variation is removed. 

The differential amplifier 12B is set to have a low 

35 gain in order to reduce the waveform distortion due to 

the output saturation and thus operates as a buffer. The 
differential amplifier 12B can of course be designed with 
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any gain to operate other than as a buffer. 

The signal amplifier 13 amplifies the weak signal 
output from the preamplifier 11 to thereby produce a 
sufficiently large logic signal. The signal amplifier 13 
5 includes an automatic threshold control (ATC) circuit 14 
and a limiter amplifier 13A to meet the requirement of 
the burst-like signal. 

The automatic threshold control (ATC) circuit 14 
includes a peak detection circuit 14A, a bottom detection 

10 circuit 14B and a voltage dividing circuit 14C. Upon 

application of a burst signal thereto, the peak detection 
circuit 14A and the bottom detection circuit 14B 
instantaneously detect and output a maximum value and a 
minimum value, respectively of the input signal. The 

15 voltage dividing circuit 14C, on the other hand, divides 
the voltage of the maxim and minimum levels output from 
the peak detection circuit 14A and the bottom detection 
circuit 14B by a resistor, and sets the threshold level 
to the central level of the input signal. 

2 0 The signal amplifier 13 applies the threshold level 

set by the voltage dividing circuit 14C and the input 
signal from the DC variation removing circuit 12 to the 
limiter amplifier 13A and, even when the burst signals 
have small levels, amplifies and outputs the received 

2 5 signal at a predetermined amplitude level. 

The amplitude identifying circuit 15 is supplied 
with the signal from which the DC level variation is 
removed by the DC variation removing circuit 12, and the 
peak level thereof is detected by the peak detection 
30 circuit 16A of the amplitude detection circuit 16. The 

particular peak level and the threshold level output from 
the threshold level control circuit 17A of the 
identifying circuit 17 are applied to a comparator ISA. 
The comparator ISA outputs a detection signal indicating 

3 5 the presence or absence of a burst signal in accordance 

with whether the peak level has exceeded the threshold 
level or not. 
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Figs. 2A to 2C show an example of the operating 
waveforms according to the embodiment shown in Fig. 1, 
wherein Fig. 2A shows a waveform in the DC variation 
removing circuit 12; Fig. 2B shows a waveform in each 
5 circuit in the amplitude identifying circuit 15, and Fig. 
2C shows a waveform of the output from the comparator 15A 
in the amplitude identifying circuit 15. 

The examples of the operating waveforms shown in 
Figs. 2A to 2C represent the waveforms of a burst signal 

10 (packet #2), similar to that shown in Fig. 23, having a 

small amplitude arriving immediately after a burst signal 
(packet #1) of a large amplitude. The DC variation 
removing circuit 12 is supplied with an output signal (a) 
indicated by solid line in Fig. 2A from the preamplifier 

15 11, and the bottom detection circuit 12A of the DC 

variation removing circuit 12 outputs the bottom level 
(b) indicated by the dotted line in Fig. 2A. 

The amplitude identifying circuit 15 is supplied 
with a signal (c) indicated by the dotted line in Fig. 2B 

20 from the DC variation removing circuit 12, and the peak 
detection circuit 16A in the amplitude identifying 
circuit 15 outputs a detected peak level (d) indicated by 
solid line in Fig. 2B. 

The detected peak level output from the peak 

2 5 detection circuit 16A is reset within a guard time. The 
reset signal (g) in Fig. 2B is generated at a 
predetermined timing within the guard time, and the peak 
detection level is reset by this reset signal (g). This 
is also the case with the peak detection circuit 14A and 

30 the bottom detection circuits 12A and 14B in the other 
circuits . 

When the detected peak level (d) exceeds the 
threshold level (e) (Fig. 2B), the comparator 15A in the 
amplitude identifying circuit 15 outputs a detection 
35 signal (f) indicating the presence of a burst signal as 
shown in Fig. 2C. 

As described above, according to the invention. 
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before detecting the amplitude by the amplitude 
identifying circuit 15, the DC level variation is removed 
by the DC variation removing circuit 12. Therefore, the 
burst signal can be accurately detected regardless of the 
5 variation of the DC level due to the low frequency 
response of the photo-diode (PD), etc. 

The bottom detection circuit 12A in the DC variation 
removing circuit 12, as shown in Fig. 3A, for example, 
can be configured with an amplifier 12Ai, a diode 12A2, a 

10 capacitor 12A3 and a buffer amplifier 12A4. 

The threshold level control circuit 17A, on the 
other hand, can be configured, as shown in Fig. SB for 
example, with a reference voltage source (BGR: band gap 
reference) ITA^, an operational amplifier ITAg, and 

15 resistors 17A3 and 17A4. 

Assume that the reference voltage output from the 
reference voltage source (BGR) IVA^ is Vq and the 
resistance values of the resistors 17A3 and I7A4 are R^o 
and Rjj^. The threshold level output from the 

20 threshold level control circuit 17A is given by equation 
(1) below. 

Vkef = -(Rii/CRio + Rii)} * Vo (1) 

By changing the voltage dividing ratio of the 
resistance values Rjq and R^, the threshold level can be 
25 adjusted. 

The threshold level control circuit 17A can of 
course assume various configurations other than the 
example configuration shown in Fig. 3B. In the 
embodiments described below also, the invention can 
30 assume various configurations modified based on the 
modification of the basic configuration thereof. 

Fig. 4 is a diagram showing a configuration 
according to a second embodiment of the invention. 
According to the second embodiment, in place of the 
35 preamplifier 11 in the first embodiment described above, 
a preamplifier 41 is configured with one amplifier 41A 
and a resistor 4 IB. As a result, the signal output from 



the preamplifier 41 is inverted in polarity as compared 
with the first embodiment. 

Thus, according to the second embodiment, the bottom 
detection circuit 12A of the DC variation removing 
circuit 12 in the first embodiment is replaced with a 
peak detection circuit 42A to detect the DC level 
variation. 

Specifically, in the DC variation removing circuit 
42, the differential amplifier 12B differentially 
amplifies the output signal of the peak detection circuit 
42A for detecting the DC level variation and the output 
signal of the preamplifier 41 thereby to remove the DC 
level variation component from the output signal of the 
preamplifier 41. 

The other parts of the configuration remain the same 
as the first embodiment, and like in the first 
embodiment, the presence or absence of a burst signal can 
be accurately detected from the signal of which the DC 
variation is removed. in Fig. 4, the same component 
elements as the corresponding ones in the first 
embodiment are designated by the same reference numerals, 
respectively and will not be described again. 

In the other embodiments described below also, as in 
the first embodiment described above, components with an 
inverted input signal polarity can make up a 
configuration with inverted logic. The operating 
principle, however, remains similar and will not be 
explained again. 

Fig. 5 shows a configuration of the third embodiment 
of the invention, and Fig. 6 shows operating waveforms 
thereof. In Fig. 5, like Fig. 1, a burst signal 
detection circuit of an optical burst signal receiver is 
shown. In this third embodiment, a level shift circuit 
52C is added to the output of the bottom detection 
circuit 12A for detecting the DC level variation in the 
DC variation removing circuit 52. 

If the level shift circuit 52C is not provided, the 
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output of the differential amplifier 12B can assume only 
positive values, and therefore only one half region of 
the linear output range can be used so that the output 
level of the differential amplifier 12B is liable to be 
5 saturated and the waveform is liable to be distorted. 

In contrast, by adding the level shift circuit 52C, 
the negative linear output range can also be used for the 
output of the differential amplifier 12B. Thus, the 
saturation of the output level can be prevented and the 
10 waveform distortion can be reduced. 

Also, according to the third embodiment, the 
amplitude detection circuit 56 in the amplitude 
identifying circuit 55 includes the peak detection 
circuit 16A and a bottom detection circuit 56B for 
15 detecting both a peak level and a bottom level. 

By means of the threshold level control circuit 57A 
providing a predetermined current and a resistor 57B, the 
threshold level in the amplitude identifying circuit 55 
is generated by shifting a predetermined voltage from the 

2 0 bottom level detected by the bottom detection circuit 56B 

in the amplitude detection circuit 56. 

In the first embodiment described above, since the 
amplitude detection circuit 16 detects the level of only 
one side (peak side), the output level is affected by the 
25 DC operating point of the differential amplifier 12B. In 
the third embodiment, in contrast, since the threshold 
level is generated by shifting to the bottom level, the 
amplitude component alone can be detected without being 
affected by the DC operating point. 

3 0 Figs. 6 A to 6C show an example of the operating 

waveforms according to the third embodiment in which Fig. 
6A shows a waveform of the output signal from the DC 
variation removing circuit 52; Fig. 6B shows a waveform 
in each circuit in the amplitude identifying circuit 55; 
35 and Fig. 6C shows a waveform of the comparator 15A in the 

amplitude identifying circuit 55. 

The DC variation removing circuit 52 is supplied 



with a signal (a) indicated by solid line in Fig. 6A from 
the preamplifier 11. The bottom level detected by the 
bottom detection circuit 12A in the DC variation removing 
circuit 52 is shifted to the level (b) indicated by a 
dotted line in the vicinity of the center of the output 
signal level of the preamplifier 11 and is input to the 
differential amplifier 12B. Thus, the differential 
amplifier 12B outputs a signal assuming both negative and 
positive values with respect to a level to which the 
bottom level is shifted by a predetermined amount. 

The amplitude identifying circuit 55, on the other 
hand, is supplied with a signal (c) indicated by a dotted 
line in Fig. 6B from the DC variation removing circuit 
52, and the peak detection circuit 16A in the amplitude 
identifying circuit 55 outputs a detected peak level (d) 
indicated by a solid line in Fig. 6B. 

The bottom detection circuit 56B in the amplitude 
identifying circuit 55 outputs a detected bottom level 
(e) indicated by a solid line in Fig. 6B. The bottom 
level is shifted by a predetermined amount by the 
threshold level control circuit 57A and the resistor 57B 
to a threshold level (f) indicated by a solid line in 
Fig. 6B. The threshold level (f) is input to the 
comparator ISA. 

When the peak level (d) output from the peak 
detection circuit 16A in the amplitude detection circuit 
56 exceeds the threshold level (f) (Fig. 6B), the 
comparator ISA outputs a detection signal (g) indicating 
the presence of the burst signal as shown in Fig. 60. 

Fig. 7 shows an example configuration of the 
threshold level control circuit 57A according to the 
third embodiment of the invention. The threshold level 
control circuit 57A includes a reference voltage circuit 
71, a current regulating circuit 72 and a current mirror 
circuit 73. 

The reference voltage circuit 71 includes a 
reference voltage source (BGR) 71A, and a voltage 
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dividing circuit 7 IB having resistors Rr^ and R^^ of 
resistance values Rri and Rj^. The current regulating 
circuit 72 includes an operational amplifier 72A, an NMOS 
transistor 72B, a variable resistor 72C of resistance 
5 value Rj-q, and a thermistor 72D of a resistance value R^. 
The current mirror circuit 73 includes two PMOS 
transistors 73A and 73B. 

The threshold level control circuit 57A outputs a 
reference current Iq from the current mirror circuit 73 

10 based on the reference voltage output Vq from the 

reference voltage circuit 71^, and shifts the detected 
bottom level by the voltage drop AVrej. due to the 
reference current and the reference resistor 57B in 
the threshold level control circuit 57 shown in Fig. 5 to 

15 generated the threshold level V^^. 

Let be the detected bottom level output from the 
bottom detection circuit 5 6B in the amplitude detection 
circuit in Fig. 5, Rj^p be the resistance value of the 
reference resistor 57B, be the output voltage of the 

2 0 reference voltage source (BGR) 71A in the reference 

voltage circuit 71 in Fig. 7, and a supply voltage. 
The threshold level output V^p from the threshold level 
control circuit 57 is expressed by equation (2) below. 
Vref = + Io * Rref = + (Vo/{Rio + Rii ) * Rref 

25 = + {(Rri * V, + R^ * Voi,)/(R3,, + Rr2)} * 

{Rref/ (Rio + Ril ) > (2) 

The variable resistor 72C and the thermistor 72D of 
the resistance values R^o and R^, respectively, are 
resistors connected outside of the LSI. The variable 

30 resistor 72C is for current regulation and the thermistor 
72D is a resistor for temperature compensation. In the 
case where the thermistor 72D (resistance value Rji) has 
a positive temperature coefficient, the temperature 
coefficient of the threshold level is negative. 

35 In this configuration example of the threshold level 

control circuit, the threshold level is compensated for 
the gain variation of the preamplifier 11 or the DC 
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variation removing circuit 52 in accordance with the 
variation in power supply. As a result, the threshold 
level irregularity due to the gain variation for 
detecting the presence or absence of the burst signal can 
5 be reduced. 

Fig. 8 shows a configuration of a fourth embodiment 
of the invention, and Fig. 9 shows operating waveforms 
thereof. In the fourth embodiment^ instead of providing 
the DC variation removing circuit as an independent 

10 circuit, the function of removing the DC variation is 

built in a signal amplifier 83, and the output of the DC 
variation removing signal amplifier is input to an 
amplitude identifying circuit 85 to thereby simplify the 
circuit elements. 

15 The DC variation removing signal amplifier 83 

includes a bottom detection circuit 83A, an amplifier 84 
and a limiter amplifier 83B. The amplifier 84 includes 
an amplifier 84A, a peak detection circuit 84B and 
resistors 84c, 84D, 84E, and 84F. 

2 0 The amplitude identifying circuit 85 includes an 

amplitude detection circuit 86, a identifying circuit 87 
and a comparator 85A. The amplitude detection circuit 8 6 
includes a peak detection circuit 86A and a bottom 
detection circuit 86B. The identifying circuit 87 

2 5 includes a threshold level control circuit 87A and 
resistors 87B, 87C. 

Figs. 9A to 9C show operating waveforms according to 
the fourth embodiment. Fig. 9A shows a waveform of the 
output signal from the DC variation removing signal 

30 amplifier 83, Fig. 9B a waveform in each circuit of the 
amplitude identifying circuit 85, and Fig. 9C a waveform 
of the comparator 85A in the amplitude identifying 
circuit 85. 

To the DC variation removing signal amplifier 83, a 
35 signal (a) indicated by a dotted line in Fig. 9A is 

input, and the bottom detection circuit 83A in the DC 
variation removing signal amplifier 83 outputs a detected 
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bottom level (b) indicated by a solid line in Fig. 9C. 

The detected bottom level (c) is input to one input 
terminal of the amplifier 84A through a resistor 84D. To 
the input terminal, the peak level detected by the peak 
5 detection circuit 84B from the positive phase output of 

the amplifier 84A is also input. As a result, a level in 
the vicinity of the central portion of the received 
signal level is determined as a threshold level. 

To the other input terminal of the amplifier 84A, 

10 the output signal from the preamplifier 11 and the 

negative phase output of the amplifier 84A through the 
resistors 84C and 84E are input. Thus, the amplifier 84A 
can output a voltage with either a positive or negative 
value with respect to the vicinity of the central portion 

15 of the received signal level, thereby outputting an 
amplified signal in which the DC variation has been 
removed. 

The output signal of the DC variation removing 
signal amplifier 83 is input to the amplitude identifying 

20 circuit 85. This signal is indicated by a dotted line 
(c) in Fig. 9B. In the signal amplitude identifying 
circuit 85, the peak detection circuit 86A detects and 
outputs the peak level (d) of the input signal (c). The 
detected peak output (d) is input to one input terminal 

25 of the comparator 85B through the resistor 87B. 

The bottom detection circuit 86B in the amplitude 
identifying circuit 85 detects and outputs the bottom 
level (e) of the input signal (c), and the detected 
bottom output (e) is input to the other input terminal of 

30 the comparator 85A through the resistor 87C. 

Further, to the input terminals of the comparator 
85A, a level shifting current is input from the threshold 
level control circuit 8 7A. The detected peak output (d) 
described above is shifted to an amplitude threshold 

35 level #1 indicated by (f) in Fig. 9B, while the detected 
bottom output (e) is shifted to an amplitude threshold 
level #2 indicated by (g) in Fig, 9B. When the amplitude 
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threshold level #1 indicated by (f) exceeds the amplitude 
threshold level #2 of (g), the comparator 85A outputs the 
detection signal (h) indicating the presence of a burst 
signal as shown in Fig. 9C. 
5 According to the fourth embodiment, a weak signal is 

amplified by the DC variation removing signal amplifier 
83/ and the amplitude thus increased is detected for 
amplitude identification. Thus, the presence or absence 
of the burst signal can be detected more accurately. 

10 In this embodiment, the DC variation removing signal 

amplifier 83 constitutes an automatic threshold control 
(ATC) circuit of feedback type for feeding back the 
positive phase output o£ the amplifier 84A to the input 
side through the peak detection circuit 84B and the 

15 resistor 84F. At the same time, the negative phase 

output of the amplifier 84A is fed back to the input side 
through the resistor 84E. The amplifier inserted before 
the amplitude identifying circuit and having the function 
of removing the DC variation, however, is not necessarily 

2 0 limited to the above-mentioned amplifier but can be 
variously modified. 

Fig. lOA shows an example configuration of the 
threshold level control circuit 87A according to the 
fourth embodiment of the invention. As shown in Fig, 

25 lOA, the threshold level control circuit 87A includes a 
reference voltage circuit lOA, a current regulating 
circuit 102 and a current output circuit 103. The 
threshold level control circuit 87A is similar to the 
threshold level control circuit 57A in the third 

30 embodiment in that the gain variation is compensated by 
the threshold level. 

The reference voltage circuit 101 includes a 
reference voltage source (BGR) lOlA and a voltage 
dividing circuit including resistors with resistance 

35 values and Rj^. The voltage regulating circuit 102 
includes an operational amplifier 102A, a variable 
resistor 102B with a resistance value R^j and a 
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thermistor 102C with a resistance value Rn. The current 
output circuit 103, on the other hand, includes a buffer 
amplifier 103A for outputting an amplitude identifying 
signal #2, a resistor 103C with a resistance value Rqut^ ^ 
buffer amplifier 103B for outputting an amplitude 
identifying signal #1 of lower level than the amplitude 
identifying signal #2, and a resistor 103D with a 
resistance value Rout* 

The amplitude identifying signal #2 and the 
amplitude identifying signal #1 output from the threshold 
level control circuit 87A are input to the comparator 85A 
in Fig. 8 together with the output of the peak detection 
circuit 86A and the bottom detection circuit 86B. 

Thus, the comparator 85A is supplied with the peak 
level detected by the peak detection circuit 86A, the 
bottom level detected by the bottom detection circuit 
86B, and the amplitude level #1 (Vj^pi) of the signal (f) 
and the amplitude level #2 (V^^^) of the signal (g) 
obtained by dividing the output voltages V3 and of the 
buffer amplifiers 103A and 103B connected to the output 
of the threshold level control circuit 87A shown in Fig. 
lOA. The input levels are compared with each other by 
the comparator 85A. 

The amplitude levels Vj^j.^! and V^^^ snd the difference 
thereof Vj^pi - V^^2 expressed by the equations below. 

VrefI ~ ( ^OUT * ^PK ■'" ■^REF * ^3 ) / ( ^OUT ^REF ) 

= Rout * Vpk/(Root + Rref) + {Rref/(Rout + Rhef)} * 

{(Rri * V, + R^ * VoJ/(R^, + R^) (3-1) 
Vref2 = (Rout * V^, + Rref * ^4) / i^ovr + Rref ) 

= Roui * V3^/(RouT + Rref) + {Rref/(Rout + Rref) > * 
{Rii/(Rio + Rii)} * {(Ria * V, + R^ * 

Vod)/(Rri + Rk2)> (3-2) 
Vkefi - V^^2 = {Rout/ (Rout + Rref)> * (VpK " V3,) - 
{Rref/ (Rout Rref)} * {Rio/(Rio Rii ) } * 
{(Rri * V, + R^ * Ve^)/(R^, + Rr2 ) } = 

{Ro„^/(Rox;t + Rrep)> * (VpK - V^^) - AV^p (3-3) 
In the threshold level control circuit according to 



the third embodiment shown in Fig. 7, as seen from 
equation (2), is such that the threshold level Vj^j, 
depends on the ratio between the resistors R^o and 
which are provided in an external area of the LSI and the 
5 internal resistor of the LSI. This resistance 
changes with the temperature difference between the 
interior and exterior, thereby changing the threshold 
level according to the temperature of the operating 
environment. In the case where the threshold level 

10 control circuit shown in Figs. lOA, lOB is used, on the 
other hand, the voltage input to the comparator, as seen 
from equation (3-3), constitutes the term of the 
resistance ratio between the internal resistors or 
between the external resistors. Thus, a high-accuracy 

15 threshold level control, which is stable against the 

temperature difference between the exterior and interior 
or the change thereof, is possible. 

In place of the voltage regulating circuit 102, as 
shown in Fig. lOB, a voltage regulating circuit 102' 

20 including an operational amplifier 102A, a variable 

resistor 102D and two thermistors 102E and 102F can be 
used. In such a case, both the amplitude identifying 
signal #1 and the amplitude identifying signal #2 can be 
temperature-compensated thereby to make possible a more 

2 5 accurate temperature compensation. 

Fig. 11 shows a configuration according to a fifth 
embodiment of the present invention. Fig. 12 shows 
operating waveforms of this embodiment. In the fifth 
embodiment, a master-slave type automatic threshold 

30 control (ATC) circuit is used as a DC variation removing 

circuit. The other parts of the configuration are 
similar to those of the third embodiment shown in Fig. 5, 
and will not be described again. 

In the aforementioned DC variation removing circuit 

35 using the bottom detection circuit and the differential 
amplifier, the DC variation detection signal output from 
the bottom detection circuit is not at the central level 
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of the input signal. In the case where the gain of the 
differential amplifier is increased, therefore, the 
problem is posed that the high-level ("1") side of the 
output signal is saturated, thereby deteriorating the 
5 pulse width. 

The master-slave type automatic threshold control 
(ATC) circuit 112 in the DC variation removing signal 
amplifier 111 according to the embodiment shown in Fig. 
11, on the other hand, includes a peak detection circuit 
10 112A, a bottom detection circuit 112B and a voltage 

dividing circuit 112C, and the peak detection circuit 
112A is configured to detect the relative maximum level 
from the bottom detection level and output a detected 
peak level. 

15 Also, the central level between the bottom detection 

level and the detected peak level, determined by the 
voltage dividing circuit 112C, is set as a threshold 
signal of the differential amplifier 12B. Therefore, 
while the threshold signal follows the DC variation, it 

2 0 can be set at the central level of the input signal, 

thereby preventing the deterioration of the pulse width 
even with an increased gain of the differential amplifier 
12B. 

Figs. 12A to 12C show an example of operating 
25 waveforms, according to the fifth embodiment shown in 
Fig, 11, in which Fig. 12A shows waveforms in the DC 
variation removing signal amplifier 111, Fig. 12B shows 
waveforms in the peak detection circuit 16A, the bottom 
detection circuit 56B and the threshold level control 
30 circuit 57A in the amplitude identifying circuit 55, and 
Fig. 12C shows a waveform of the output signal from the 
comparator 15A in the amplitude identifying circuit 55. 

To the DC variation removing signal amplifier 111, a 
signal (a) indicated by a dotted line in Fig. 12A is 
35 supplied from the preamplifier 11. The bottom detection 

circuit 112B in the DC variation removing signal 
amplifier 111 detects and outputs the bottom level (c). 
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The peak detection circuit 112A detects and outputs 
the relative peak level (b) from the bottom level (c), 
and the voltage dividing circuit 112C outputs the peak 
level (b) and the central level (d) of the bottom level 
5 (c) as an output signal of the automatic threshold 

control {ATC) circuit 112. 

Also, to the amplitude identifying circuit 55, the 
signal (e) indicated by a dotted line in Fig. 12B is 
supplied from the DC variation removing signal amplifier 
10 111. The peak detection circuit 16A in the amplitude 
identifying circuit 55 outputs the detected peak level 
(f) shown in Fig. 12B. 

The bottom detection circuit 56B in the amplitude 
identifying circuit 55 outputs the detected bottom level 
15 (g) shown in Fig. 12B, and the threshold level (h) in 

Fig. 12B obtained by shifting the bottom level (g) by a 
predetermined amount by the threshold level control 
circuit 57A and the resistor 57B is input to the 
comparator 15A. 

2 0 Once the peak level (f) output from the peak 

detection circuit 16A in the amplitude detection circuit 
56 exceeds the threshold level (h), the comparator 15A 
outputs the detection signal (i) indicating the presence 
of a burst signal as shown in Fig. 2C. 
25 Fig. 13 shows an example configuration of the 

master-slave automatic threshold control (ATC) circuit 
according to the fifth embodiment of the invention. The 
master bottom detection circuit 112B includes an 
amplifier 132A, a buffer amplifier 132B, a diode 132C and 

3 0 a capacitor 132D for detecting the absolute minimum 

level . 

The slave peak detection circuit 112A includes an 
amplifier 131A, a buffer amplifier 131B, a diode 131C and 
a capacitor 13 ID. Also, the output of the master bottom 
3 5 detection circuit 112B is connected to an end of the 
capacitor 13 ID thereby to detect the relative maximum 
level from the detected bottom level. 



- 28 - 



According to the fifth embodiment, the DC level 
variation due to the low frequency response of the photo- 
diode (PD) is first detected by the master bottom 
detection circuit 112B, and the output o£ the slave peak 
5 detection circuit 12A is followed by the detected bottom 
level, and these signals are divided by the voltage 
dividing circuit 112C. While the threshold level 
generated in the automatic threshold control (ATC) 
circuit follows the DC level variation, it can be set to 

10 the center of the amplitude of the input signal. 

Fig. 14 shows an example configuration of the 
threshold level control circuit according to the fifth 
embodiment. This threshold level control circuit 
includes a reference voltage circuit 141 having a 

15 temperature reference voltage circuit 144, a reference 

voltage source (BGR) 141A, an amplifier 145 and a voltage 
dividing circuit 141B, a voltage regulating circuit 142 
and a current mirror circuit 143. 

The threshold level control circuit is similar to 

20 the threshold level control circuit according to the 
third embodiment described above in that a reference 
current Iq is output from the current mirror circuit 143 
in the last stage, and the detected bottom level is 
shifted to provide a threshold level. 

25 The threshold level control circuit shown in Fig. 14 

utilizes the temperature reference voltage circuit 144 
with a field effect transistor (FET) in the LSI but not 
an external thermistor in order to give a temperature 
inclination of the threshold level. As a result, the 

30 external parts can be reduced and a simplified 

configuration is obtained. 

The threshold level V^^^ applied to the comparator 
15A is expressed by equations {4-1) and (4-2) below, 
where the temperature inclination is given by the term of 

35 Vg in equation (4-2) and the supply voltage inclination 

by the term of V^d. 
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= + {Vo/(R,o + Rii)> * Rref (4-1) 

Vo = {Rr4/{Rr3 + Rr4)} * (Rr2/Rri) * Vi - {Rh4/(Rr3 + 
Rr4)} * (Rrs/Rri) * V2 + {Rr3/(Rr3 + Rr4)} * 

5 (4-2) 
where Vq is the output voltage of the reference voltage 
circuit 141, is the output voltage of the reference 
voltage source (BGR) 141A, is the temperature 
reference voltage obtained from the temperature reference 

10 voltage circuit 144 and is the supply voltage. 

The temperature reference voltage V2 is expressed in 
a form inversely proportional to the gain coefficient p 
of the MOS-FET as shown in equation (5) below. The 
temperature coefficient of the gain coefficient p of the 

15 MOS-FET is negative and therefore the temperature 

coefficient of the value of the temperature reference 
voltage is positive. 

V, = (1/R) * (2/{3) * {1 - V(l/k)} (5) 

Fig. 15 shows a configuration according to a sixth 

20 embodiment of the invention, and Fig. 16 shows the 

operating waveforms thereof. According to the sixth 
embodiment, the input signal is amplified by a 
differential amplifier 12B in a DC variation removing 
signal amplifier 151, after which the resulting signal is 

2 5 further amplified by an amplifier 153 and applied to an 

amplitude identifying circuit 155. As a result, a weak 
input signal is amplified and the amplitude thus 
increased is identified, so that the presence or absence 
of a burst signal can be surely detected. 

30 Also, in the automatic threshold control (ATC) 

circuit 152 in the DC variation removing signal amplifier 
151, the input signal level and the bottom level output 
from the bottom detection circuit 152B are divided by the 
voltage dividing circuit 152C thereby to produce a 

35 voltage divided signal, which is applied to a peak 

detection circuit 152A and the peak detection output 
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thereof is set as a threshold signal. In this way, the 
amplifier inserted before amplitude identification can be 
variously configured. 

Also according to this embodiment, the output of the 
5 comparator 15A is positively fed back to the input 

thereof through a resistor 155A, and the output of the 
peak detection circuit 16A is input to the comparator 15A 
through a resistor 155B thereby to set a hysteresis. By 
thus setting a hysteresis, even in the case where the 

10 output signal of the amplitude detection circuit 56 is 
weak and is liable to be affected by noises, the effect 
of the noises can be removed and the presence or absence 
of the burst signal can be positively detected. 

Figs. 16A to 16C show an example of the operating 

15 waveforms according to the sixth embodiment shown in Fig. 
15. Fig. 16A shows a waveform of the DC variation 
removing signal amplifier 151, Fig. 16B waveforms of the 
peak detection circuit 16A, the bottom detection circuit 
56B and the threshold level control circuit 57A in the 

20 amplitude identifying circuit 155, and Fig. 16C a 
waveform of the comparator 15A in the amplitude 
identifying circuit 155. 

The DC variation removing signal amplifier 151 is 
impressed with the signal (a) indicated by dotted line in 

2 5 Fig. 16A from the preamplifier 11, and the bottom 

detection circuit 152B in the DC variation removing 
signal amplifier 151 detects and outputs the bottom level 
(c) . 

To the peak detection circuit 152A, the voltage 
30 divided level (b) between the bottom level (c) and the 
input signal (a) is supplied. The peak level is output 
as an output (d) of the automatic threshold control (ATC) 
circuit. The waveforms of Figs. 163, 16C are similar to 
those of Figs. 12B, 12C and therefore will not be 
35 described again. 

Fig. 17 shows an example configuration of the 
master-slave type automatic threshold control (ATC) 



- 31 - 



circuit according to a sixth embodiment. A master bottom 
detection circuit 172 detects the absolute minimum level, 
and a voltage dividing circuit 173 generates a voltage 
division level which is half way between the bottom 
5 detection level and the input signal level. 

One terminal of a peak hold capacitor 17 ID in the 
slave peak detection circuit 171 is connected to the 
output of the master bottom detection circuit 172, and 
therefore the central level of amplitude is detected as a 

10 relative peak level from the detected bottom level. 

Fig. 18 shows an example configuration of the 
threshold level control circuit according to the sixth 
embodiment. This configuration example includes a 
reference voltage circuit 181 having a temperature 

15 reference voltage circuit 186, a reference voltage source 
(BGR) IBIA, a differential amplifier 185 and a voltage 
dividing circuit 181B, a voltage regulating circuit 182, 
a current source circuit 183 and a current mirror circuit 
184. In this embodiment, a temperature reference voltage 

2 0 V2 is generated due to the internal FET with a 

configuration simple as compared with the example 
configuration of the threshold level control circuit 
according to the embodiment shown in Fig. 14. 

In this configuration example of the threshold level 

25 control circuit, the threshold level is expressed by 
equation (6) below, and similar to the configuration of 
the threshold level control circuit according to the 
fourth and fifth embodiments, the threshold level is 
determined by voltage division between the internal 

30 resistors or between the external resistors. Thus the 

threshold level regulation with high accuracy is 
possible . 

^EEF ~ ^BT Iq * ^REF 

= + {R,i/(Rio + Rii)} * (V0/R13) * Rrkf (6) 
35 The temperature reference voltage Vj, as shown in 

equation (7) below, is expressed in a form inversely 
proportional to the square root of the gain coefficient (3 
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of the MOS. 

V2 = {1 - V(l/k)} * V(2 * I^/p) (7) 
Fig. 19 shows a configuration according to a seventh 
embodiment of the invention, and Fig. 20 the operating 
5 waveforms thereof. According to the seventh embodiment, 
a peak detection circuit 196A and a bottom detection 
circuit 196B of master-slave type are used as an 
amplitude detection circuit 196 in an amplitude 
identifying circuit 195, and the DC level variation is 
10 removed by the amplitude detection circuit 196. 

The master-slave type peak detection circuit 196A 
and the bottom detection circuit 196B can be configured 
the same way as the circuits shown in Figs. 13 and 17. 
Also, this configuration is similar to the configuration 
15 example of Fig. 11 except that the input signal of the 
amplitude identifying circuit 195 makes up an output 
signal of the preamplifier 11. Therefore, the same 
component elements are designated by the same reference 
numerals, respectively, and will not be described. 

2 0 Figs. 2 OA and 2 OB show operating waveforms according 

to the seventh embodiment, in which Fig. 2 OA shows a 
waveform in each circuit of the amplitude identifying 
circuit 195 and Fig. 20B a waveform of the output signal 
from the comparator 15A of the output signal from the 
25 amplitude identifying circuit 195. 

To the amplitude identifying circuit 195, an input 
signal (a) indicated by a dotted line in Fig. 20A is 
supplied from the preamplifier 11. The master bottom 
detection circuit 196B outputs the detected bottom level 

3 0 (c), and the peak detection circuit 19 6A detects and 

outputs the relative peak level (b) with respect to the 
detected bottom level (c). 

The detected bottom level (c) is shifted by a 
predetermined amount by the threshold level control 
35 circuit 57A to the threshold level (d) which is input to 
the comparator ISA. The comparator ISA compares the 
threshold level (d) with the peak level (b), and in the 
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case where the peak level (b) exceeds the threshold level 
(d), outputs a detection signal (e) indicating the 
presence of a burst signal. 

It will thus be understood from the foregoing 
description that, according to the present invention, a 
DC variation removing circuit is inserted before 
amplitude detection of the input signal, so that the 
amplitude is identified after removing the DC level 
variation. Thus, regardless of the DC level variation of 
the input signal, the presence or absence of a burst 
signal can be detected with high accuracy, and the 
erroneous detection of the burst signal which otherwise 
might be caused by the signal level variation due to the 
low frequency response of the photo-diode (PD) can be 
prevented. In this way, the presence or absence of the 
burst signal can be accurately detected even for a weak 
input signal. 



CLAIMS 

1. A burst signal detection circuit comprising: 

a DC variation removing circuit for 
detecting the bottom level or the peak level of an input 
signal and removing the DC level variation of the input 
signal based on the bottom level or the peak level; and 

an amplitude identifying circuit for 
detecting the presence or absence of a burst signal in 
said input signal based on the output signal from the DC 
variation removing circuit; 

said amplitude identifying circuit 

including: 

an amplitude detection circuit for 
detecting the maximum amplitude of the output signal of 
said DC variation removing circuit; 

a threshold level control circuit for 
controlling a threshold level; and 

a comparator circuit for comparing the 
output level of said amplitude detection circuit with 
said threshold level and outputting a detection signal 
indicating the presence or absence of the burst signal. 

2 . The burst signal detection circuit according to 
claim 1, wherein said DC variation removing circuit 
includes a bottom detection circuit or a peak detection 
circuit for detecting the bottom level or the peak level, 
respectively, of the input signal, and a differential 
amplifier for differentially amplifying the difference 
between the input signal and the output signal from said 
bottom detection circuit or said peak detection circuit. 

3. The burst signal detection circuit according to 
claim 1, wherein said DC variation removing circuit 
includes : 

a bottom detection circuit or a peak 
detection circuit for detecting the bottom level or the 
peak level, respectively, of the input signal; 

a level shift circuit for shifting the 
output signal of said bottom detection circuit or said 
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peak detection circuit by a predeteritiined value; and 

a differential amplifier for amplifying 
the difference between the output signal of said level 
shift circuit and the input signal. 
5 4. The burst signal detection circuit according to 

claim 1, wherein said amplitude identifying circuit 
includes : 

a peak detection circuit or a bottom 
detection circuit for detecting the maximum level or the 
10 minimum level, respectively, of the output signal from 
the DC variation removing circuit; 

a threshold level control circuit for 
generating a threshold level; and 

a comparator circuit for comparing the 
15 output level of said peak detection circuit or said 
bottom detection circuit with said threshold level. 

5. The burst signal detection circuit according to 
claim 1, wherein said amplitude identifying circuit 
includes a peak detection circuit or a bottom detection 

2 0 circuit for detecting the maximum level or the minimum 
level, respectively, of the output signal from the DC 
variation removing circuit, a threshold level control 
circuit for generating a threshold level by shifting the 
output level of said bottom detection circuit or said 

25 peak detection circuit by a predetermined value; and 
a comparator circuit for comparing the 
output level of said peak detection circuit or said 
bottom detection circuit with said threshold level. 

6. The burst signal detection circuit according to 
30 claim 1, wherein said amplitude identifying circuit 

includes : 

a peak detection circuit and a bottom 
detection circuit for detecting the maximum level and the 
minimum level, respectively, of the output signal from 
35 the DC variation removing circuit, a threshold level 

control circuit for generating a first threshold level by 
shifting the output level of said bottom detection 
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circuit by a predetermined value and generating a second 
threshold level by shifting the output level of said peak 
detection circuit by a predetermined value; and 

a comparator circuit for comparing said 
5 first threshold level and said second threshold level 
with each other. 

7. The burst signal detection circuit according to 
claim 1, wherein said threshold level control circuit 
includes a temperature compensating circuit for changing 

10 said threshold level in accordance with the temperature 
change, said temperature compensating circuit being so 
configured as to compensate for the variation of the gain 
due to the temperature change. 

8. The burst signal detection circuit according to 
15 claim 1, wherein said threshold level control circuit 

includes a reference voltage circuit for changing said 
threshold level with the source voltage change, said 
reference voltage circuit being so configured as to 
compensate for the variation of the gain due to the 
2 0 supply voltage change. 

9. The burst signal detection circuit according to 
claim 1, further comprising a photo-diode for receiving 
an optical signal and a preamplifier for converting the 
current signal from said photo-diode into a voltage 

2 5 signal, wherein the arrival of a burst signal is detected 

from the output signal of said preamplifier. 

10. A burst signal detection circuit comprising: 

a DC variation removing circuit for 
detecting the bottom level or the peak level of an input 

3 0 signal and removing the DC level variation of the input 

signal based on the bottom level or the peak level; 

a signal amplifier for amplifying the 
output signal of said DC variation removing circuit; and 

an amplitude identifying circuit for 
35 detecting the presence or absence of a burst signal in 
said input signal based on the output signal from said 
signal amplifier; 
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said amplitude identifying circuit 

including: 

an amplitude detection circuit for 
detecting the maximum amplitude of the output signal of 
5 said signal amplifier; 

a threshold level control circuit for 
controlling the threshold level, and a comparator circuit 
for comparing the output level of said amplitude 
detection circuit with said threshold level and 

10 outputting a detection signal indicating the presence or 
absence of the burst signal. 

11. The burst signal detection circuit according to 
claim 10, wherein said DC variation removing circuit 
includes a bottom detection circuit or a peak detection 

15 circuit for detecting the bottom level or the peak level, 
respectively, of the input signal, and a differential 
amplifier for differentially amplifying the difference 
between the input signal and the output signal from said 
bottom detection circuit or said peak detection circuit. 

20 12. The burst signal detection circuit according to 

claim 10, wherein said DC variation removing circuit 
includes : 

a bottom detection circuit or a peak 
detection circuit for detecting the bottom level or the 
25 peak level, respectively, of the input signal; 

a level shift circuit for shifting the 
output signal of said bottom detection circuit or said 
peak detection circuit by a predetermined value; and 

a differential amplifier for amplifying 
30 the difference between the output signal of said level 
shift circuit and the input signal. 

13. The burst signal detection circuit according to 
claim 10, wherein said amplitude identifying circuit 
includes : 

35 a peak detection circuit or a bottom 

detection circuit for detecting the maximum level or the 
minimum level, respectively, of the output signal from 



- 38 - 



the DC variation removing circuit; 

a threshold level control circuit for 
generating a threshold level; and 

a comparator circuit for comparing the 
5 output level of said peak detection circuit or said 
bottom detection circuit with said threshold level. 

14. The burst signal detection circuit according to 
claim 10, wherein said amplitude identifying circuit 
includes a peak detection circuit or a bottom detection 

10 circuit for detecting the maximum level or the minimum 
level, respectively, of the output signal from the DC 
variation removing circuit, a threshold level control 
circuit for generating a threshold level by shifting the 
output level of said bottom detection circuit or said 

15 peak detection circuit by a predetermined value; and 
a comparator circuit for comparing the 
output level of said peak detection circuit or said 
bottom detection circuit with said threshold level. 

15. The burst signal detection circuit according to 
2 0 claim 10, wherein said amplitude identifying circuit 

includes : 

a peak detection circuit and a bottom 
detection circuit for detecting the maximum level or the 
minimum level, respectively, of the output signal from 

2 5 the DC variation removing circuit, a threshold level 

control circuit for generating a first threshold level by 
shifting the output level of said bottom detection 
circuit by a predetermined value and generating a second 
threshold level by shifting the output level of said peak 

30 detection circuit by a predetermined value; and 

a comparator circuit for comparing said 
first threshold level and said second threshold level 
with each other. 

16. The burst signal detection circuit according to 
35 claim 10, wherein said threshold level control circuit 

includes a temperature compensating circuit for changing 
said threshold level in accordance with the temperature 
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change, said temperature compensating circuit being so 
configured as to compensate for the variation of the gain 
due to the temperature change. 

17. The burst signal detection circuit according to 
5 claim 10, wherein said threshold level control circuit 

includes a reference voltage circuit for changing said 
threshold level with the supply voltage change, said 
reference voltage circuit being so configured as to 
compensate for the variation of the gain due to the 
10 supply voltage change. 

18. The burst signal detection circuit according to 
claim 10, further comprising a photo-diode for receiving 
an optical signal and a preamplifier for converting the 
current signal from said photo-diode into a voltage 

15 signal, wherein the arrival of a burst signal is detected 
from the output signal of said preamplifier. 

19. A burst signal detection circuit comprising an 
amplitude identifying circuit including: 

an amplitude detection circuit for 

20 detecting the bottom level or the peak level of an input 

signal, for removing the DC level variation of the input 
signal based on said bottom level or said peak level and 
for detecting the maximum amplitude of said input signal; 

a threshold level control circuit for 

25 controlling a threshold level; and 

a comparator circuit for comparing the 
output level of said amplitude detection circuit with 
said threshold level and outputting a detection signal 
indicating the presence or absence of the burst signal. 

30 20. The burst signal detection circuit according to 

claim 19, wherein said amplitude detection circuit 
includes a master bottom detection circuit or a master 
peak detection circuit for detecting the absolute minimum 
level or the absolute maximum level, respectively, of 

35 said input signal, respectively, and a slave peak 

detection circuit or a slave bottom detection circuit for 
detecting the relative maximum level or the relative 



minimum levels respectively, of said input signal from 
the output level of said master bottom detection circuit 
or said master peak detection circuit. 

21. The burst signal detection circuit according to 
claim 20, wherein a level hold capacitor in said slave 
peak detection circuit or said slave bottom detection 
circuit of said master-slave type amplitude detection 
circuit is connected to the output of said master bottom 
detection circuit or said master peak detection circuit. 

22. The burst signal detection circuit according to 
claim 19, wherein said amplitude identifying circuit 
includes : 

a peak detection circuit or a bottom 
detection circuit for detecting the maximum level or the 
minimum level, respectively, of the output signal from 
the DC variation removing circuit; 

a threshold level control circuit for 
generating a threshold level; and 

a comparator circuit for comparing the 
output level of said peak detection circuit or said 
bottom detection circuit with said threshold level. 

23. The burst signal detection circuit according to 
claim 19, wherein said amplitude identifying circuit 
includes a peak detection circuit or a bottom detection 
circuit for detecting the maximum level or the minimum 
level, respectively, of the output signal from the DC 
variation removing circuit, a threshold level control 
circuit for generating a threshold level by shifting the 
output level of said bottom detection circuit or said 
peak detection circuit by a predetermined value; and 

a comparator circuit for comparing the 
output level of said peak detection circuit or said 
bottom detection circuit with said threshold level. 

24. The burst signal detection circuit according to 
claim 19, wherein said amplitude identifying circuit 
includes : 

a peak detection circuit and a bottom 



detection circuit for detecting the maximum level and the 
minimum level, respectively, of the output signal from 
the DC variation removing circuit, a threshold level 
control circuit for generating a first threshold level by 
shifting the output level of said bottom detection 
circuit by a predetermined value and generating a second 
threshold level by shifting the output level of said peak 
detection circuit by a predetermined value; and 

a comparator circuit for comparing said 
first threshold level and said second threshold level 
with each other. 

25. The burst signal detection circuit according to 
claim 19, wherein said threshold level control circuit 
includes a temperature compensating circuit for changing 
said threshold level in accordance with the temperature 
change, said temperature compensating circuit being so 
configured as to compensate for the variation of the gain 
due to the temperature change. 

26. The burst signal detection circuit according to 
claim 19, wherein said threshold level control circuit 
includes a reference voltage circuit for changing said 
threshold level with the supply voltage change, said 
reference voltage circuit being so configured as to 
compensate for the variation of the gain due to the 
supply voltage change. 

27. The burst signal detection circuit according to 
claim 19, further comprising a photo-diode for receiving 
an optical signal and a preamplifier for converting the 
current signal from said photo-diode into a voltage 
signal, wherein the arrival of a burst signal is detected 
from the output signal of said preamplifier. 

28. A burst signal detection circuit comprising: 

a DC variation removing signal amplifier 
for detecting the bottom level or the peak level of an 
input signal, for removing the DC level variation of the 
input signal based on the bottom level or the peak level, 
and for amplifying said input signal; and 



an amplitude identifying circuit for 
detecting the presence or absence of a burst signal in 
said input signal in said input signal based on the 
output signal from the DC variation removing signal 
amplifier; 

said amplitude identifying circuit 

including : 

an amplitude detection circuit for 
detecting the maximum amplitude of the output signal of 
said DC variation removing amplifier; 

a threshold level control circuit for 
controlling the threshold level; and 

a comparator circuit for comparing the 
output level of said amplitude detection circuit with 
said threshold level and outputting a detection signal 
indicating the presence or absence of the burst signal. 

29. The burst signal detection circuit according to 
claim 28, wherein said DC variation removing signal 
amplifier includes: 

a bottom detection circuit or a peak 
detection circuit for detecting the DC level variation of 
said input signal; and 

an amplifier supplied with said input 
signal and the output signal of said bottom detection 
circuit or said peak detection circuit; 

the negative phase output of said 
amplifier being fed back to the positive phase input side 
of said amplifier through a feedback resistor; and 

the positive phase output of said 
amplifier being fed back to the negative phase input side 
of said amplifier through said peak detection circuit and 
a feedback resistor. 

30. A burst signal detection circuit according to 
claim 28, wherein said DC variation removing signal 
amplifier includes a master-slave type automatic 
threshold control circuit having: 

a master bottom detection circuit or a 



master peak detection circuit for detecting the absolute 
minimum level or the absolute maximum level, 
respectively, of said input signal; 

a slave peak detection circuit or a slave 
bottom detection circuit for detecting the relative 
maximum level or the relative minimum level, 
respectively, of said input signal from the output signal 
of said master bottom detection circuit or said master 
peak detection circuit; and 

a voltage dividing circuit for generating 
a threshold level by dividing the output signal of said 
master bottom detection circuit or said master peak 
detection circuit and the output signal of said slave 
peak detection circuit or said slave bottom detection 
circuit. 

31. The burst signal detection circuit according to 
claim 28, wherein said DC variation removing signal 
amplifier includes a master-slave type automatic 
threshold control circuit having: 

a master bottom detection circuit or a 
master peak detection circuit for detecting the absolute 
minimum level or the absolute maximum level, 
respectively, of said input signal; 

a voltage dividing circuit for generating 
a voltage divided signal by dividing the output signal of 
said master bottom detecting signal or said master peak 
detecting signal and said input signal; and 

a slave peak detection circuit or a slave 
bottom detection circuit for generating a threshold level 
by detecting the relative maximum level or the relative 
minimum level, respectively, of said voltage divided 
signal from the output signal of said master bottom 
detection circuit or said master peak detection circuit. 

32. The burst signal detection circuit according to 
claim 30, wherein the level hold capacitor of said slave 
peak detection circuit or said slave bottom detection 
circuit of said master-slave automatic threshold control 



- 44 - 



circuit is connected to the output of said master bottom 
detection circuit or said master peak detection circuit, 

33. The burst signal detection circuit according to 
claim 31, wherein the level hold capacitor of said slave 

5 peak detection circuit or said slave bottom detection 

circuit of said master-slave automatic threshold control 
circuit is connected to the output of said master bottom 
detection circuit or said master peak detection circuit. 

34. The burst signal detection circuit according to 
10 claim 28, wherein said amplitude identifying circuit 

includes : 

a peak detection circuit or a bottom 
detection circuit for detecting the maximum level or the 
minimum levels respectively, of the output-single from 
15 the DC variation removing circuit; 

a threshold level control circuit for 
generating a threshold level; and 

a comparator circuit for comparing the 
output level of said peak detection circuit or said 
2 0 bottom detection circuit with said threshold level. 

35. The burst signal detection circuit according to 
claim 28, wherein said amplitude identifying circuit 
includes a peak detection circuit or a bottom detection 
circuit for detecting the maximum level or the minimum 

25 level, respectively, of the output signal from the DC 
variation removing circuit, a threshold level control 
circuit for generating a threshold level by shifting the 
output level of said bottom detection circuit or said 
peak detection circuit by a predetermined value; and 

30 a comparator circuit for comparing the 

output level of said peak detection circuit or said 
bottom detection circuit with said threshold level. 

36- The burst signal detection circuit according to 
claim 28, wherein said amplitude identifying circuit 

35 includes: 

a peak detection circuit and a bottom 
detection circuit for detecting the maximum level and the 
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minimum level, respectively, of the output signal from 
the DC variation removing circuit, a threshold level 
control circuit for generating a first threshold level by 
shifting the output level of said bottom detection 
5 circuit by a predetermined value and generating a second 
threshold level by shifting the output level of said peak 
detection circuit by a predetermined value; and 

a comparator circuit for comparing said 
first threshold level and said second threshold level 
10 with each other. 

37. The burst signal detection circuit according to 
claim 28, wherein said threshold level control circuit 
includes a temperature compensating circuit for changing 
said threshold level in accordance with the temperature 

15 change, said temperature compensating circuit being so 

configured as to compensate for the variation of the gain 
due to the temperature change. 

38. The burst signal detection circuit according to 
claim 28, wherein said threshold level control circuit 

20 includes a reference voltage circuit for changing said 
threshold level with the supply voltage change, said 
reference voltage circuit being so configured as to 
compensate for the variation of the gain due to the 
supply voltage change. 

25 39. The burst signal detection circuit according to 

claim 28, further comprising a photo-diode for receiving 
an optical signal and a preamplifier for converting the 
current signal from said photo-diode into a voltage 
signal, wherein the arrival of a burst signal is detected 

30 from the output signal of said preamplifier. 



- 46 - 



BURST SIGNAL DETECTION CIRCUIT 



5 

ABSTRACT OF THE DISCLOSURE 

A burst signal detection circuit for detecting the 
arrival of a burst-like signal, which can accurately 

10 detect the burst signal against the DC level variations 

even in the case where the arriving burst signal is a 
weak signal, is disclosed, A DC variation removing 
circuit detects the bottom level of an input signal and 
removes the DC level variation of the input signal based 

15 on the bottom level. An amplitude identifying circuit 
detects the presence or absence of a burst signal based 
on the output signal of the DC variation removing 
circuit. The amplitude identifying circuit includes an 
amplitude detection circuit for detecting the maximum 

20 amplitude of the output signal of the DC variation 

removing circuit, a threshold level control circuit for 
controlling the threshold level and a comparator for 
comparing the output level of the amplitude detection 
circuit with the threshold level and outputting a 

25 detection signal indicating the presence or absence of a 
burst signal. 



Ms 




Fig.3A 




.DETECTED 
BOTTOM 



Fig.3B 

17Ai Vo C 



BGR 




'^23 




^23 




l-HLO 
CO 

CCE- 
Ol-H 

cn 



CD 

ch 



12^ 



^^23 




< 



H- iin 


1^4 
0 

LD 


LO 


Ol— 1 




CxJO 




3:0 


00 


CD 













cn 



cn 



16, 



'23 














"ji- — 



















on 



7 ^ 



CiJO 

<a:i-H 

ISO 

< 

CD 
Ll_ 



DQ 
CD 

Li. 



CO 



19. 



-^23 




22/ 



^23 




OLD 
E— c\i 



CD ^ 



23/ 



^23 



EFFICIENCY 



Fig.23A 



FREQUENCY 



OPTICAL 
INPUT 
LEVEL 
OF PD 



OUTPUT 
LEVEL 
OF PD 

INCREASE OF 
BOTTOM LEVEL 



Fig.23B 



PACKET #1 



Fig.23C 



PACKET #2 TIME 







X 



























PACKET #1 PACKET #2 TIME 



DOCKET NO.: FUJA 16.923 



Under th« Paperwork Reduction Act of 



PTO/SB/1 06(8-96) 
Apfmivwl for use through 3r3an98. OMB0651-C032 
Patent and TrademarX Office; U.S. DEPARTMENT OF COMMERCE 
10 persons are required to resporxl to a collection of information unless it displays a valid OMB control numt>er. 



Declaration and Power of Attorney For Patent Application 
Japanese Language Declaration 

T"Wft*75*!S#iLr. fi!iaT«ii'3S^Li1-. as a belownair...d inventor, l hereby decla. 'hat: 

li<Ofe/?f. S-ifffi. aiSHTSEwfitOft^W^^CSCJjtS^T- My residence, post office address and cftizenship are as s 
fc il 9 ■(?"}*. next to my name. 



T2ili;>*ir.««l«(Cf>gL-rsS;J^ffie{c:JE:«$ix. ^i^H'.m l believe l am the original, first and sole inventor (if only one name 

L ■CV»5^lfif'?a^H'0V\t". fi^SftSlS'-^t— (T isHsted below) or an original, first and joint Inventor (if plural 

3C«ft*i^ — -xniSi-^} ■{>L<!±lti»3i^'5*M*'S#'C-3!>5 names are listed below) of the subject matter which is claimed and 

k (T32cCi«tl;i^?SSC(0«-^) fttirt^S-f. for which a patent Is sought on the invention entitled 

BURST SIGNAL DETECTION CIRCUIT 



hnS^lSWflSB^f (TE<73tiT?X^Jd»OV>TV^itt^#^t±. the specification of which is attached hereto unless the following 
*tftC«Sf=r) ii. box is checked: 



□ _/i_fJK:ffiW$^l-. 5leBffi«#-^£fctt1fff^S*i^'l O was filed on _ 



K.tT¥.Sh-i.Ltz. per InternaUonal Application Number 

and was anneff 

(if applicable). 



ail. WipTi^JHiuM^^tS kSlJTF.fsWl^iaSSrfitJIL. I hereby state that l have reviewed and understand the contents of 
(*??P5r3;WUTV>2iCi:S:C.C.fCiS'^L£i". the above identified specification, including the cUims, as 

amended by any amendment referred to above. 



e.i±. il»*eUij!£alff 3 TJbSSI^.S eJgtcSSSHSi l acknowledge the duty to disclose information wWch is material to 
fcO. »?l-iS«f^J-^iMtC<:i >TS15^^Jf«J^rB?*i'?jSt*'4^ patentability asdefined inTitleST, Code ofFederal Regulations, 
.73i.li*rIg4')i-^= Section1.56. 



P.¥el..f 3 

It: This fi»nn i» es(tnwt«vl U> tiilce 0.4 hours Ii> ciimplete. Time will vtry depending upim the neeJk of the iniiiviiiual CMse. Any commenti on the 

ttcer. P»i«m .iKi Trademark Office. Wtshington. DC 2023 ! . DO NOT 
ilentk and Tridem«rt». W««hington, DC 20231 . 



Under the Paperwork Reduction Act of 199S. no persons are required to respond 



PTO/SB/106 (8-96) 
Approved for use through 9/30»a. OMB 0651-0032 
Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
to a collection of information unless it displays a valid OMB control number. 



Japanese Language Declaration 

( 0 ^mM:nw 



«.i±. -Aimmm^P^ 3 5 S i 1 9 ^ (a) - (d) iciXii 3 6 5^ 
ik-Lrix54$fF1fi:^^*^ 3 6 5 (a) ^Jc£i'< WRSiiifiS. X 

Tie. i^fy^-v-'!^irhzhx\ ^f:Lri/^*-t-c 
Prior Foreign Application{s) 

11-062290 (Pat. Appl n. ) Japan 

(Number) (Country) 



(Number) 



(Country) 



(Application No.) 
(W«**) 



(Filing Date) 
(ttl«B) 



&;j^^3 6 5 ^(c)CS-t'<fil?»lS:rc:K:±d)jLir. i 



(Application No.) 
(ff.JgS^) 



(Application No.) 



(Filing Date) 
(IHJSn) 



(Filing Date) 
(tilKSa) 



I hereby claim foreign priority under Title 35, United States Code, 
Section 119 (a)-(d) or 3«5(b) of any foreign applicalion(s) for patent 
or inventor's certificate, or 365(a) of any PCT International 
application which designated at least one country other than the 
United States, listed below and have also identified below, by 
checl(ing the box. any foreign application for patent or inventor's 
certificate, or PCT InternaUonal application having a filing date 
before that of the appiication on which priority is claimed. 

Priority Not Claimed 

9 /March/1 999 

(Day/MonthA'ear Filed) 



« 1*1 ^ic J: $rt-5ci. ^X^X^O'tS.') tiikmz J: i> 



{ Day/MonthA'ear Filed) 



I hereby claim the benefit under Title 35. United States Code, 
Section 119(el of any United States provisional application(s) listed 



(Application No.) 
(WIS#-^) 



(Filing Date) 
(fV.JSP) 



I hereby claim the benefit under Title 35, UnHed States Code, 
Section 120 of any United States app«cation(s), or 365(c) of any 
PCT International application designating the United States, listed 
lielowand, insofar as the subject matter of each of the claims of 
this applicatton is not disclosed in the prior United States or PCT 
International application in the manner provided by the first 
paragraph of Title 35. UnHed States Code Section 112. I 
acknowledge the duty to disclose information which is material to 
patentability as defined in Title 37. Code of Federal Regulations, 
Section 1.S« which became available between the filing date of the 
prior application and the national or PCT International filing date of 
application. 

(Status: Patented. Pending. Abandoned) 

(Status; Patented, Pending. Abandoned) 

I hereby declare that all sUtements made herein of my own 
knowledge are true and that ail statements made on infomwtion 
and belief are believed to be true; and further that these 
statements were made with the knowledge that willful false 
statements and the like so made are punishable by line or 
imprisonment, or both, under Section 1001 of Title 18 of the 
United States Code and that such willful false statements may 
jeopardize the validity of the application or any patent issued 
thereon. 



PTO/SB/106(e-96) 
Approved for use through 9/30/96. 0MB 0651-0032 
P»tant and Trademaik OHice; U.S. DEPARTMENT OF COMMERCE 
Under the Papeivrork Reduction Act o( 1995, no persona are required to respond to a collection of Information unless it displays a valid CMS control number. 



Japanese Language Declaration 



POWER OF ATTORNEY: As a named inventor, I hereby appoint 
the following attomey(s) and/or agent(s) to prosecute this 
application and transact all business in the Patent and Trademark 
Office connected therewith flistname and registration number) 



Aaron B. KARftS, Beg. No. 18,923; SanBcn HEUmPT, 

Keg. rfo. 23,072 and Leonard OXPER Beg. Nd.27,625 

Send Correspondence to: 

HELfGOrr & KARftS, P.C. 

Btpire State Buildirg, 60th Floor 

1^ ycdc, Itef YGtk 10118 

Lhited States cf iton.ca 



Direct Telephone Calls to: (name and telephone number) 

Efelfgott & Karas, P.C. 
(212) 653-5000 



Full name of sole or first inventor 

Satoshi Ide 



Residence 

Kawasaki -shi , Kanagawa^ Japan 



Citizenship 

Japanese 



Post Office Address 

c/o FUJITSU LIMTIED, 1-1, Kamikodaaaka 4-chome, 



Nakahara-ku, Kawasaki -shi, Kanagawa 211-8588, ^ 



Full name of second joint inventor, if any 

Shinichi Sakuramoto 



Second inventor's signature 



December 2' 



Residence 

SAPPORO-SHI, HOKKAIDO, JAPAN 



Post Office Address 

c/o FUJITSU HOKKAIDO DIGITAL TECHNOLOGY LIMITEE^, 



3-1, NISHI 4-CHayiE, KITA 7- JO, KITA-KU, SAPPORQ -S^I, 

HOKKAIDO, 060-0807 JAPAN 

(^f^Hii^l^(73ft|sl5g?l-^;•(C-:>^,^-Ct^fitfC latt L . 5 ^ =1: i" (Supply similar inforntation and signature for third and subsequent 
ZiZt) join* inventors.) 



Pige 3 of 3 



THE UNITED STATES PATENT AND TRADEMARK OFFICE 



In re the Application of: Satoshi IDE et al. 
Filed: : Concurrently herewith 

For : BURST SIGNAL DETECTION CIRCUIT 

Serial No.: Concurrently herewith 

January 6, 20 00 

Assistant Commissioner of Patents 
Washington, D.C. 2 0231 

SUB- POWER OF ATTORNEY 

SIR: 

I, Samson Helfgott, Reg. No. 23,072 attorney of record 
herein, do hereby grant a sub-power of attorney to Linda S. 
Chan, Reg. No. 42,400, Jacqueline M. Steady, Reg. No., 44,354 
and Harris A. Wolin, Reg. No. 39,432 to act and sign in my behalf 




Reg. No 23,072 

HELFGOTT & KARAS , P.C. 
6 0th FLOOR 

EMPIRE STATE BUILDING 
NEW YORK, NY 10118 
DOCKET NO . : FUJA16 .923 

LHH: power 

Filed Via Express Mail 

Rec. No :EL522353992US 

On: Jani/ah^6. 20Q0 

Any "fee due as a result of" this paper, not covered 
by an enclosed check may be charged on Deposit 
Acct. No. 08-1634. 



